Because of their small size and inaccessibility, direct electrical measurements of ionic conductances from mammalian brain presynaptic nerve terminals have not been possible. Measurements using voltage-sensitive fluorescent dyes, however, indicate that the membrane potential of a preparation enriched in pinched-off and resealed presynaptic nerve terminals (synaptosomes) depends principally on K+ conductances (1). To measure ionic conductances from the brain directly, synaptosomal ion channels were incorporated into lipid bilayers. We examined single K+-channel currents and found four K+-channels that can be distinguished by their single-channel conductances.
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RESULTS AND DISCUSSION
After the addition of synaptosomes to the cis side of a lipid bilayer, the membrane conductance increased in discrete steps (Fig. 1) . The single channel conductances in symmetric 100 mM KCl ranged from 2 to 14 pS. The lifetimes of these channels were not strongly voltage-dependent. In asymmetric KCl solutions (cis, 300 mM: trans, 100 mM), the current-voltage relationship of the macroscopic (channel-ensemble) currents exhibited rectification that could be described by the Goldman-Hodgkin-Katz equation (2, 6). Results from single-channel and macroscopic current measurements suggest that the nonlinearity of the I-V curve is conferred by the asymmetric K+ concentrations across the bilayer and not by any intrinsic voltagedependence of the conductance pathways. Fig. 2 shows the voltage-dependence of the four K+-dependent unit conductances that were usually observed. The four unit conductances were -8 pS, 16 pS, 24 pS, and 32 pS (labeled 1, 2, 3, 4, respectively) and were independent of voltage (-100 to +100 mV). There was no measureable difference in the single channel conductances between 500 and 300 mM KCl. However, the single channel conductances were reduced by -50% in 100 mM KCl (see Fig. 1 ), suggesting that the channels saturate with respect to K+ between 100 and 300 mM. The differences in conductances between these channels were about equal (-8 pS) 
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K+ concentrations between 100-500 mM did not appear to affect this relationship between the unit conductances (i.e., the differences between single channel conductance levels were similar, regardless of the K+ concentration). These observations suggest that these channels are related. However, there was no obvious simple relationship between the four unit conductances because one channel was able to open and close independent of the activity of other channels (e.g., Fig. 2, 3) .
In asymmetric KCl solutions, the reversal potential for all four single channel currents follows the potassium equilibrium potential (EK) (6), indicating that all the channels select for K+ over Cl-. In the experiment illustrated in Fig. 3 , the selectivity of these channels for K+ over Na+ was tested. The cis side of the bilayer contained 500 mM KCl and the trans side contained 500 mM NaCl. If the channels select for K+ over Na+, then the reversal potential for the single channel currents would be negative to 0 mV; conversely, if the channels select for Na+ over K+, then the reversal potential would be positive to 0 mV. As shown in Fig. 3 ag protein/ml solution) to one side (cis) that contained 100-500 mM KCI, 0.1 mM CaCl2, pH 7.0 (cf. reference 5). The opposite side (trans) of the bilayer to the membrane vesicle addition was virtual ground. The bilayers ("painted" and "folded") were made from phosphatidylethanolamine (PE) and diphosphatidylglycerol (DPG) or PE and phosphatidylserine (PS) .
